Abstract
Introduction

36
Carbonatites are important rocks for understanding the Earth's evolution as they provide a 37 window into the mantle and its dynamics. As such, they have been abundantly studied 
Geological setting
101
The Saint-Honoré alkaline complex is located in the Saguenay region, Quebec (Canada) .
102
The regional bedrock is the Canadian Shield and is mainly composed of Mesoproterozoic is open at depth. Production at the mine accounts for ~8-10% of the global production of 148 Nb2O5 (Papp, 2015) . Phosphorus (Savard, 1981) and LREE in the Saint-Honoré complex 
Methods
151
Sample collection and preparation
152
Two drill holes at the 1600' level (~490 m) were selected; one facing north and one facing 153 south. These drill holes were selected to cover a wide spectrum of mineralogical 154 assemblages and to allow for study of the dolomitic and calcitic mineralized zones.
155
Furthermore, mineralogy and textures in rocks at this depth are not affected by supergene 156 alteration. During sampling, we ensured that mineralization samples were collected from is 115 m and dips at 31 °. A third drill hole was selected at the 2100-foot level (~640 m) to 163 ensure representability at depth.
165
From the cores recovered from the upper two drill holes, 73 polished thin sections were 166 produced. Twenty-three polished thin sections were prepared from the lower drill hole.
167
Nine additional polished thin sections of mineralized lenses from the three drill holes were 168 prepared with a water-free lubricant (acetone) to preserve water-soluble chlorides. 
Sample analysis
170
We conducted macroscopic observations and selected samples under the supervision of 171 mine geologists. Thin sections were studied at the Université du Québec à Chicoutimi
172
(UQAC) with a Nikon polarizing microscope and cathodoluminescence using a CITL 
Results
199
Petrography of the niobium-bearing units
200
The niobium mineralization is predominantly distributed within the dolomitic portion of 201 the carbonatite although it may also be found in minor amounts within the calcitic facies.
202
There is no significant Nb mineralization in the ferro-carbonatite central core. This study The carbonatite is strongly banded at a centimeter to meter scale (Fig. 2) 
Fluorcalciopyrochlore
253
For our purposes, fluorcalciopyrochlore will be referred to as pyrochlore (Pcl) given that 254 other pyrochlore species are much less abundant and have not been as extensively studied.
255
Fluorcalciopyrochlore (pyrochlore) has been the main mineral exploited for Nb at the (Table 2) .
288
Trace elements in Nb mineralization
289
To characterize the trace elements in both minerals, LA-ICP-MS analysis was performed 290 on five pyrochlore and five columbite-(Fe) samples (Table 3) . Elements including Al, Si, samples. LREE abundance in pyrochlore is nearly ten times greater than in columbite-(Fe)
302
whereas HREE and Y abundance is significantly higher in the columbite-(Fe) ( pyrochlore melt inclusions (a conclusion that relies heavily on interpretation), but we could 319 not find any halite in fresh pyrochlore nor within columbite-(Fe) grains.
Discussion
322
The study of the mineralization highlighted a strong association of pyrochlore and (Fig. 10B) clearly show the columbitization process along margins and fractures.
385
Pyrochlore is altered stepwise into columbite-(Fe) as the fluid weakens the structure 386 through leaching of the major cations. Pyrochlore is clearly not in equilibrium with the fluid; a pyrochlore in contact with a fully altered pyrochlore to columbite-(Fe) will tend to 388 transform as well (Fig. 10) . weakly altered pyrochlore. Columbite-(Fe) had an average of 510±155 ppm Cl (Table 2) 398 whereas pyrochlores had Cl concentrations below detection limit (70±160 ppm Cl; Table   399 1). A Cl enrichment during alteration (Fig. 11) source of Na for post-magmatic activity such as fenitization. We based our calculations on 503 the Na content of 51,600 whole rock analyses. It is important to specify that these results
504
come from various rock types of the mine property, including units having little halite.
505
Values follow a log-normal distribution and range from below the detection limit to 5.77% 506 with a log-normal mean of 0.329%. Cl is a readily soluble element and is quite likely lost To quantify the amount of Na leached during the alteration of pyrochlore, the amount of 522 pyrochlore in the carbonatite must be constrained. Historic whole rock analysis shows a 523 mean Nb2O5 of 0.427% throughout the carbonatite, including holes drilled in barren units.
Considering fluorcalciopyrochlore accounted for more than 95% of the Nb-bearing 525 minerals (Nb-rutile and other minor phases account for less than 5%) before alteration, we 526 calculate a disseminated 0.615% pyrochlore in the carbonatite. This is based on pyrochlore
527
containing approximately 66% Nb2O5. Hence, 0.615% pyrochlore at 5.42% Na (mean 528 value of microprobe analysis) gives a weight percentage of 3.33% Na. Therefore, if all 529 pyrochlore is indeed altered into columbite-(Fe), this limits the quantity of halite at 0.085%.
531
Based on the logarithmic mean content of Na (as Na has a log-normal distribution) in the 532 carbonatite and the possible output of Na during alteration, pyrochlore alteration might 533 contribute up to 10% of the necessary Na to form halite. Our results show that it is unlikely 534 the Na needed to crystallize halite comes entirely from the alteration of pyrochlore; it was 535 demonstrated, however, that it does contribute to some degree. The remaining Na needed 536 to form the halite is thought to come from a Na-rich late magmatic event that was affected 537 by hydrothermal activity, solubilizing Na and forming halite as soon as the parameters had interpretation that the alteration of pyrochlore is a major contributor of Na. 
Conclusion
547
The Saint-Honoré carbonatite offers a significant opportunity to study carbonatites: 
